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METHOD FOR PROGRAMMING OPERATOR 
SYSTEM INTERFACE WITH A SIMULATOR 

DESCRIPTION 
BACKGROUND OF THE INVENTION 

5 Field of the Invention 

The present invention generally relates to user interfaces to 
simulation software and, more particularly, to a process that takes 
converted system software code as input to a program created with a 
commercial compiler to produce a simulated Operator System Interface. 

1 0 Background Description 

In modern, highly integrated aircraft there normally is found a 
complicated Operator System Interface (OSI) utilizing both a 
programmable keyset and multi function display (MFD). For example, the 
Multi-Mission Helicopter (MMH) employs I/O (input/output) devices such 

15 as programmable keysets and Multi Function Displays. In the MMH it is 

necessary to program both keyset layering and requisite menus for system 
and menu control. Specific keys access menus, other key layers or 
functions. Other aircraft system solutions could use a combination of an 
application specific softkey hierarchy and Central Display Unit (CDU) for 

20 data entry and system control, but the basic approach would not be 

changed. 

In the past, a great deal of computer code had to be written to 
create and maintain these functions, and changes were expensive as the 
design moved through the development process. In order to achieve 
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accurate representation of the operational system, extensive emulation was 
needed, or actual source code had to be used. Without simulation, or 
emulation in some form, Control and Display (C&D) software 
development can be imperfectly matched to end objectives since intricate 
keyset and window moding (e.g., displaying different modes on the MFD 
where different modes display different graphics, menus, etc.) and 
behavior is not evaluated until the software is in its final stages. 

Previously, much of control and display (C&D) software 
development was forced to rely on anecdote and word of mouth to 
determine fit and function relating to the user's requirements. Currently, 
the lack of specific written guidance on window moding and behavior 
exposes the likelihood that an imperfect interpretation of a C&D system 
will be made (i.e., actual requirements not detected early in development). 
This is inherently counter-productive to the end objective. This lack of an 
easy ability to prototype the OSI often results in the final coded system that 
does not fully correspond to, or map to, the users' requirements. 

During the build up to Airborne Low Frequency Sonar (ALFS) solo 
flight testing, there are unique aircrew training requirements in order to 
prepare crews for the first flight, and likewise, follow-on development 
testing (DT) and operational testing (OT) will generate very similar needs. 
Because OSI proficiency is expected to be quite perishable, a basic 
simulator is required to maintain an adequate knowledge level between the 
initial training and actual flight events. With the transition to new keysets, 
and the conduct of ALFS solo flight test using the legacy keyset and 
DT/OT with production models, it is important to maximize the ease and 
efficiency with which the program converts between old and new versions. 

The Controls and Display (C&D) interface is complex with 
intricately interwoven moding, behaviors and functionality. The OSI 
Trainer is required to refresh those skills that are needed to complete the 
intended testing schedule. In order to maximize the refresher training value 
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a representative, graphical, interactive tool is required. It must be easily 
upgraded to stay abreast of frequent design changes in a dynamic 
developmental environment. 

SUMMARY OF THE INVENTION 

5 It is therefore an object of the invention to provide a generic 

simulation environment (with an application specific front end) that can be 
run on a Windows 95/98/NT™ workstation, or other personal computer, 
for the purpose of developing an operator system interface. The present 
invention responds to the urgent requirement to tap into the actual code 

10 and translate the implemented OSI into a format that is capable of being 
run on any Windows™ 95/98/NT workstation for both training and 
evaluation. In doing so, the user interface is able to get the type of scrutiny 
needed for reduced risk during deployment. In the long term, such an 
approach would provide an easy path to an ideal desk top trainer which is 

15 tied to the largest segment of actual code reuse reasonable. This simulated 
operator system interface is used to train personnel in operation of custom 
keysets and menus, as well as for prototyping and software development of 
modified or new keysets. 

It is another object of the invention to provide a process by which 

20 the Software Requirements Specification (SRS) tables defining key 

layering, keysets, key moding, menu changes, etc. are automatically 
generated, virtually eliminating multiple sources of error, and speeding the 
development process. 

According to the invention, source code of an operational OSI is 

25 plugged directly into a conversion program, or "wrapper", that takes the 

operational source code and converts it into input files for the OSI Trainer 
files and converts them into operational source code. Code developed 
using the "wrapper" plugs directly into the operational software; therefore, 
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dual configuration management requirements of an independent program 
are avoided. This advantage of the present invention which uses the actual 
Control and Display (C&D) code eliminates the expected discrepancies 
between the operational software and the simulation over the life of a 
5 program. 

In the preferred embodiment, a simulation environment in a desk 
top computing environment is used to develop the operator system 
interface. Existing Avionics Operation Program (AOP) Ada language 
software tables are read into the simulator to define the keysets that the 

10 operator sees during the simulation/training. The tables can be modified in 

the simulator to output new tables in order to prototype a new operator 
system interface. Consequently, the software developer can use the 
simulator to create code tables rather than having to write new code. Also, 
the simulator is coded using parts of the AOP data structure and converts it 

1 5 for simulation. Simulation code can then be reconverted to AOP tables for 

configuring new key assignments and MFD menus in the operational 
system. 

The process starts by taking existing code, for example the Multi- 
Mission Helicopter (MMH) AOP Ada language software data structures, 

20 and converting it into input files for the simulator which would then 

replicate the actual system software behavior. An operator could use this 
customized simulator for training for the MMH C&D. The input files 
could be easily modified by a developer to reflect proposed key moding 
and menu changes, run under the simulation to verify design, then 

25 converted directly into the same computer language code which was drawn 

from the system software. Thus enabling the operational system to be 
reprogrammed directly from the tables generated by the simulation 
prototype. The tables can then be output in an easy to read format that can 
be easily imported into a Software Requirement Specification, if necessary, 

3 0 for the targeted application. 
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This provides an efficient, convenient method of moving specific 
key legends/functions to other matrix or tree locations and allows new 
logic that controls key availability/activation (and eventually 
Window/Menu behavior) based on Operator Keyset and Window/Menu 
5 selections. The intent here is to allow interim growth in functionality prior 

to adopting a complete mission module by using a socket type architecture 
that allows implementation/modification of specific key functionality. 



BRIEF DESCRIPTION OF THE DRAWINGS 



The foregoing and other objects, aspects and advantages will be 
10 better understood from the following detailed description of a preferred 
embodiment of the invention with reference to the drawings, in which: 

Figure 1 shows a mapping of the operational OSI to the simulated 

OSI; 

Figure 2 shows an example of a multi function display with an 
1 5 implemented keyset, as an operator would see on the display of the 

monitor of a personal computer (PC) running the simulation; 

Figure 3 shows a high level flow diagram of the method of the 
present invention; 

Figure 4 shows an example of an excerpted data table defining a 
20 simulated keyset; 

Figure 5 shows the key numbering of the programmable keys in 
Figure 2 as used by the Pilot or Copilot (Airborne Tactical Officer); 

Figure 6 shows the key numbering of the horizontal keyset as used 
by the Sensor Operator; and 
25 Figure 7 shows an original and modified keyset. 
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DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT OF THE INVENTION 

Referring now to the drawings, and more particularly to Figure 1 , 
there is shown a one-to-one mapping of the operational Operator System 
5 Interface (OSI) 1 to the simulated OSI 2. The actual operational system 

comprises a set of displays 1 1 , 12 and 13 and a number of keypads 14 and 
15. The simulated OSI 2 comprises a Central Processing Unit (CPU) 21 
running the simulation software, a display device or monitor 22, a 
keyboard or other input device 23 and a mouse or other pointing device 24. 

1 0 The control and display components of the operational OSI are represented 

in the simulated OSI 2 on the monitor 22. The displays 1 1, 12 and 13 are 
represented as a simulated set of displays 25. The keysets 14 and 15, are 
represented as a simulated set of keys 26. A help window 27 is also 
displayed to facilitate operator training. 

15 In the preferred embodiment of the present invention, re-utilization 

of Avionics Operation Program (AOP) code is maximized to facilitate an 
efficient Control and Display (C&D) software design and testing 
capability. The capability to plug in mission modules to provide improved 
Inverse Synthetic Aperture Radar (ISAR), Airborne Low Frequency Sonar 

20 (ALFS), Forward Looking Infrared Receiver (FUR) functionality (with a 
Part Task Trainer the logical end product) is maintained. 

The preferred embodiment of the present invention describes a 
software program that wraps around critical Control and Display (C&D) 
portions of the Avionics Operation Program (AOP) and allows basic 
25 operator interaction with actual AOP software. The preferred embodiment 

runs on a Windows NT™ machine, thereby allowing direct growth to a 
Fleet Desk Top and Part Task Trainer. A Fleet Desk Top Trainer is a PC 
based program that represents a low level emulation of a human-machine 
interface for a specific avionics package, and a Part Task Trainer is a PC 
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based program that represents a mid-level emulation of a human-machine 
interface for a specifics avionics package. 

In alternative embodiments the entire AOP is wrapped, versus just 
the C&D interface, meaning that the whole AOP system code could be 
5 converted to run on a personal computer. This alternative would be more 

expensive and take longer to implement, but overall would provide a 
higher fidelity. Also required would be an additional low level stimulus, to 
represent existing hardware for the actual AOP. As other simulated 
modules are written (i.e., ALFS), they could be plugged in directly. 

10 Referring now Figure 2, there is shown an example of a simulated 

multi function display with an implemented keyset, as an operator would 
see on the display of the PC running a simulation of an OSI, according the 
preferred embodiment of the invention. The MFD 201 is shown with an 
Equipment Status Table 21 1 being displayed on it. There are keys on the 

1 5 left 202, right 203, and bottom 204 of the MFD. Some of these keys are 

used to switch between major modes. For example, selecting the DIAG 
key 210 on the bottom row would display the Equipment Status Table 211 
and would cause the programmable keys 205 to be remapped to what is 
shown in the Figure. 

20 The Programmable Keys 205 are made up of two sets of 4-by-4 

keys 205 A and 205B for a total of 32 programmable keys. Each key can 
display a total of eight (8) characters for its legend. Selecting a 
programmable key may cause the programmable keys to have new 
character legends displayed on them, and/or display a menu on the MFD. 

25 The corresponding key numbering of the programmable keys 205 is shown 

in Figure 5. Figure 6 shows the key numbering of a horizontal keyset. 

The fixed keys 206 are used to interact with the dynamic menus 
displayed on the MFD, change modes, or interact with the different modes 
selected. 

30 An operational keyset is defined by specific attributes. These 
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attributes must be accommodated by any keyset simulation. In order to 
better describe the preferred method of the present invention, certain terms 
are defined below. The following extracts from the Software Requirement 
Specification (SRS) for the MMH keyset will illustrate the kind of 
5 information that is contained in the Ada tables and OSI Simulator input 

files. 

The keysets, mode changes, etc. are defined for the operational OSI 
in a series of data structures in Ada language code. The simulated OSI uses 
a series of tables with keywords with essentially the same data, but in a 

1 0 different format. Exemplary forms of these data structures, keywords and 

corresponding tables are described generally, below. 

The Logical Names and Keyset Legends Table, as shown below, 
contains the definition of the Key Legend for each logical key that may be 
mapped to a keyset key. While the keysets limit the number of unique key 

1 5 legends to one, there may be more than one logical key associated with a 

legend. 



20 



LOGICAL 
NAME 


LEGEND 
TEXT 


KEYSET 
MODE 


AYS? 


BL 

SH 


ANKL 

STA1 
CH 


EGEND 

rE 

CSAR 


DEVICE 
AVAILABILITY 


1DCLT1 


DCLT 1 














1 DCLT2 


DCLT 1 















Table 1. Logical Names and Keyset Legends Table. 

The Key Legend Configuration Number, as shown in Table 2, 
column 1, uniquely identifies the current set of Key Legend Text 
definitions that are stored on the Data Transfer System (DTS) or backup 
25 computer. The Key Table Column Definitions are the governing attributes 

for the keys. 

1 . Logical Key Name - The logical key name contains the name of 
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the key used in the SRS. 



2. Legend Text - The legend text defines the actual alpha-numeric 
characters that are displayed on the physical key to which a logical 

5 key has been mapped. 

3. Keyset Mode - This column indicates those keys whose purpose is 
as either a Keyset mode or Keyset menu indicated by KO and KE 3 
respectively. 

4. Are You Sure Menu Control (AYS?) - The added protection of 
1 0 asking for confirmation of requested action is made via activation 

of the "ARE YOU SURE?" Menu. This menu applies only to 
critical operations triggered with a key selection. The Keys which 
activate this mechanism are identified by this column. 

5. Blank Legend State - This column designates keys that are not 
15 displayed on the indicated platform. This data accounts for keys 

that have no applicability on the platform and are not associated 
with a device Not a Configuration Option. 

6. Device Availability - Device Availability defines the device and 
states for the device that will make the corresponding Key 

20 Unavailable. 

The Device Availability column in this table accounts for the 
following instances: 

a. A device becomes unavailable due to Initialization, Test, 
Deconfigure or I/O fail in the current display mode. 
25 b. Cases where keys must be made unavailable and those keys 
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associated with the device are also available in a display mode 
other than the display mode primarily associated with the device. 
RDR CTRL is an example. RDR CTRL is tied to the MMR 
device, however, RDR CTRL is a key found in the TACT display 
5 mode. 

c. If Not a Configuration Option, then the Blank Legend State applies 
for the key. 

The Device Availability column controls availability of the MFD 
display mode bezel keys based on the availability of the associated device. 

10 Thus, if a device availability is Initialization, Test, Not a Configuration 

Option, Deconfigured or I/O Fail at the time the operator selects its 
associated display mode bezel key, then a Function Unavailable ALERT is 
generated and the current display mode is maintained. The keys associated 
with the device are therefore never made available. 

1 5 Keyset Modes and Keyset Menus both map logical key functions to 

physical programmable keys. However, their operation and applications 
differ substantially. 

A keyset mode may define the mapping for any or all of the 
programmable keys on the keyset that it affects. Keyset modes that define 

20 the mapping for all of the programmable keys are referred to as Base 

Keyset Modes. Keyset modes are arranged in a hierarchical manner to 
allow the operator access to functions associated with the task at hand in 
convenient groupings. Keyset modes that are activated by a logical key are 
named the same as the key that activated them except with a tic(') between 

25 words rather than a space as is used in the logical key name. The key 

mapping defined by an active keyset mode shall only be applied to the 
physical keys when each keyset mode in the hierarchy above the active 
keyset mode is also active. The keyset mode names appear at the tops of 
the columns of logical keys that define each mode. 
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Keyset menus are not part of the keyset mode hierarchy. During 
the interval when a keyset menu is active, its mapping supersedes the 
active keyset modes but does not deactivate them. Keyset menus can be 
activated by key depression or by interaction with an on-screen menus or 
5 tables that require keypad functions in addition to those available on the 

fixed function keypad. 

A number of rules for using and maintaining keyset mode 
templates is necessary, as defined below. 



1 . Set Up: By design, there is a Base Keyset Mode associated with 
10 each MFD and Horizontal Situation Display (HSD) mode that is 

identified. The base keyset modes provide definition for all of the 
programmable keys for each keyset on which that base level is 
allowed. (32 each on Airborne Tactical Officer (ATO), Sensor 
Operator (SO), and PILOT Keyset). 
15 Note: Some of the keys on the base level may be defined as BLANK. 



2. Transitions: By convention, the Keyset Mode name is the same as 
the Logical Key name that activated it. The explicit mapping of 
Logical Keys to Keyset Mode names is documented in the Logical 
Names and Keyset Legends Table, as shown in Table 1. 

20 3. Keyset Mode Table Usage: The top row of a Keyset Mode table, 

as shown below, in Table 2, identifies the base keyset mode names. 
Subsequent rows define the hierarchy of keyset modes available 
from the base keyset mode. Keyset mode names appearing on the 
same row and under the same base keyset mode name are said to be 

25 at the same level in the keyset mode hierarchy. 

A dash (-) in a column of the table indicates that that physical key 
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will display the legend defined at the next higher level in the 
hierarchy. 

An X in a column indicates that the key will display no legend 
(blank). 

Availability constraints for the keyset Fixed Function keys and the 
MFD keys are contained in the Fixed Function table and the MFD 
Keys table, respectively (not shown). In these tables, key 
availability is shown versus keyset mode. One skilled in the art 
would understand how to construct these and other tables in order 
to practice the present invention. 

Keys marked with a dash (-) are available, with the logical name 
shown. Keys marked "X M are unavailable. 

Arbitration: Keyset modes at the same hierarchical level can be 
active simultaneously only if the keys defined by those modes are 
mutually exclusive. When conflicting physical key definitions 
arise as a result of a keyset mode being activated while other modes 
at the same level are active, the originally active keyset mode(s) 
which conflict shall be deactivated. 

Keyset Modes may redefine the mapping to physical keys that are 
used by other keyset modes that are higher in the same hierarchy 
without invoking arbitration. 

Maintaining OSI Integrity: When a logical key becomes 
unavailable, any on-screen menus, keyset menus or keyset modes 
that it controls are canceled and/or deactivated. When a logical key 

12 
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no longer maps to a physical key (deactivation of a keyset mode 
within the hierarchy which it resides), any on-screen menus, or 
keyset menus that it controls shall be canceled and/or deactivated. 



Keyset menus are completely independent of the keyset mode 
5 hierarchies. An active keyset menu overrides the existing logical to 

physical key mapping without deactivating any of the keyset modes 
that have been overridden. In addition, when a keyset Menu 
transitions to active, the originally active Keyset Menu shall be 
deactivated. 



10 Table 2 shows the Table Layout for keys in the keyset. The Keyset 

Modes table shows the mapping of the entire set of keyset keys defined by 
the AOP (logical keys) to the programmable key switches on each keyset 
(physical keys). These tables are arranged such that the current primary 
display mode is used to determine the correct table to start with. Once the 

15 correct table is found, the definitions and rules, as described above, can be 

used to determine the entire set of candidate logical keys for any 
combination of active keyset modes. 

Referring to Table 2, the number in the key column is the two (2) 
digit switch number that will be sent from the keysets. In most cases, 

20 keyset legends are assigned to the same switch number in both the 

horizontal (SO) or vertical ATO) keyset configurations. Exceptions 
include the Fixed Function keys and the ID/NOTE alphabetic 
programmable keys. 

The columns to the right of the switch number column(s) show the 

25 Keyset Mode names. The entries in the columns identify the logical key 

names for each switch number. Although the preferred embodiment uses a 
hierarchical data structure, as described above, for the MMH, it would be 
apparent to one skilled in the art how to practice the present invention with 
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other operator system interface tables and create or modify a simulated 
OSI, accordingly. 



BASE 


DIAG' MAIN 




WCA f 


LVL:1 




EQPT' STAT 




LVL:2 








KEY 73 


EQPT STAT 
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X 


74 
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DSPL DETL1 
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75 
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DECN 
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76 
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INIT 
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69 
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TEST 
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70 
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MAN TEST 
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DATA XTRC 
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62 
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X 


63 


X 
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64 


RDR TEST 
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57 


X 




X 










45 


SHUTDOWN 
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46 


X 




X 


47 


X 




X 


48 


X 




RETURN2 



Table 2. Keyset Modes. 
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Figure 3 shows a high level flow diagram of the method of the 
present invention for creating a simulated OSI, according to the preferred 
embodiment of the invention. First, in function block 300 the Ada 
language software tables that define an operational system's C&D are 
extracted. The Ada language tables are read using a parser program. The 
preferred embodiment inputs the tables into a C language program that is 
designed to parse the source code. An excerpted example Ada table, 
cadjceyset init keys.a, for a core Operational OSI appears below. In-line 
comments are denoted by a preceding "— ". 



cad_keyset_in±t_keys . a 

separate (Cad_Keyset) 
function Init_Keys 

return Logical_Key_Data__Array_Type is 

— Define the table to hold the logical key data for a 
15 — keyset 

— Cmnct . Cad_Alert is always to be the first of the 

— Registered__Receivers 

so that Operator Action alert processing occurs 
correctly. 

20 Keys : constant Logical__Key_Data_Array_Type : = 

(Keys_Adt.No_Key => 

(Key_Legend_Number => 0, 

Legend_Attribute => KeyJJt . Normal Jfideo, 

Blank_Legend_State => Keys_Adt . Blank, 

25 Key_Availability => Cat .Available, 

Function_Active => False, 

Keyset_Menu_Active => False, 

KeysetJMode_Active => False, 

Controls_Mode => No_Mode, 

Registered_Receiver__Count => 1, — 
Registered_Receivers => 

(Cmnct .Cad_Alert, others => Cmnct .No_Dest) ) , 
Keys_Adt. A_Scan => 

(Key_Legend_Number => 27, 

Legend_Attribute => KeyJJt . Normal Jfideo, 

Blank_Legend_State => Keys_Adt . Blank, 

Key_Availability => Cat . Unavailable, 

Function_Active => False, 

Keyset_Menu_Active => False, 

Keyset J4ode_Active False, 
Controls_Mode => No_Mode, 

Regis tered_Receiver_Count => 2,~~ 
Registered_Receivers => 

(Cmnct .Cad_Alert, Cmnct . Mmr_Wkst, 
others => Cmnct .No JDest) ) , 
Keys_Adt.Ack => 

(Key_Legend_Number => 0, 
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5 

10 
15 
20 

25 
30 

35 

40 
FS-00464 



Le gen d_At tribute 
Blank_Legend_State 
Key_Availability 
Function_Active 
Keyset_Menu_Active 
Ke y s e t_Mo de__Ac t i ve 
Control s_Mode 
Regis tered_Receiver_ 
Regis tered_Receivers 
( Cmnct . Cad_Alert , 

Keys_ Adt. Acst__Rcv => 
( Key_Legend_Number 
Legend_At tribute 
Blank_Legend__State 
Key_Avai lability 
Function_Active 
Ke y s e t _Me nu_Ac t i ve 
Keyset_Mode_Active 
Control s_Mode 
Regis tered_Receiver_ 
Register ed_Receivers 
(Cmnct. Cad Alert, 



=> Key_Ut .Normal__Video, 
=> Keys_Adt .Non_Blank, 
=> Cat .Available, 
=> False, 
=> False, 
=> False, 
=> No_Mode, 
Count => 1, 
=> 

others => 

Cmnct .No_Dest) ) , 

=> 28, 

=> Key_Ut .Normal_Video, 
=> Keys_Adt .Blank, 
=> Cat .Unavailable, 
=> False, 
=> False, 
=> False, 
=> No__Mode, 
Count => 1, 
=> 

others => Cmnct. No Dest) ) , 



For the logical keys found after the appropriate keyword Keys_Adt 9 
for instance, Keys_adt.No Jkey and Keys_Adt. A_Scan, found in the 
Operational OSI Ada table cad keyset Jnitjceys. a, as shown above, the 
following attributes are defined. 

KeyLegendJSfumber is an index in another file that contains the 

eight (8) character legend that will go on the programmable key. 

Legend_Attribute of normal video just tells the system that the 

letters are put on a black background. 

BlankJLegend State will be set to blank if the key is not in the 
system. 

Key _Availability defines whether the key will be available or not 
depending on certain devices. 

FunctionActive if true, activates a function when pressed. 
Keyset _Menu_Active if true, brings up a menu on the MFD when 
pressed. 

Keyset _Mode_Active if true, remaps the programmable keys when 

16 
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pressed. 

Controls jnode if other than No_Mode, it controls another layer of 
keys. 

Registered JLeceiver JZount is the count of registered receivers. 
5 Registered Receivers is who gets notified of a key depression. 



Figure 4 shows a table representation of the data from an OSI 
Simulator file C&DKey setInitKeys.txt. This file is created from the 
Operational OSI Ada table cadjceysetjnitjceys.a. If the file 
C&DKeysetlnitKeys.txt is modified and if a new Operational OSI Ada table 

10 is desired, a file is generated called cadKeysetlnitKeys.tmp which has the 

same format as cadjceysetjnitjceys.a. 

One thing to note is that the Operational OSI Ada table has one 
entry while the OSI Simulator file creates three (3) duplicate entries for 
each of the three (3) stations Pilot, Copilot for the vertical keyset (as shown 

15 in Figure 2, 205 and 206) and SO (horizontal keyset as shown in Figure 6). 

The OSI Simulator allows the operator to switch between stations. Data 
contained in the Operational OSI Ada table is carried in the OSI Simulator 
file even though the simulator may not use it so a new Operational OSI Ada 
table with all the necessary information from the OSI Simulator file may be 

20 produced in the future. 

An example of parsing the cad keysetjnitjceys.a file with a C 
program would be first finding the appropriate keyword. An example of an 
appropriate keyword is Keys_Adt. Once this keyword is found all the 
information for the key is retrieved. For example after Keys_Adt the logical 

25 key name A_Scan is found and all the following data is for the logical key 

AJScan. This information is then translated into the file 
C&DKeysetlnitKeys.txU as shown in Figure 4. Referring now to Figure 4, 
an excerpted example simulated data table is shown. The Operator Name 
column 401 indicates which key is seen for a specific operator, for 
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instance, a pilot, co-pilot, or Sensor Operator (SO). One can see at 403, the 
Key_Legend_Number is 27 for AJScan at 402 and is translated into the file 
C&DKey setInitKeys.txt under the column Key Legend Number 404. 

An excerpted example key modes definition table appears below. 
5 This table contains the keyset mode data for all operators. 



cad_Jceyset__in±t_cf g . a 

separate (Cad_Keyset) 
function Init_Keyset_Modes 

(Operator : in Cat . Operator_Type) 

10 return Keyset_Mode_Data_Array_Type is 

use Cat; 



— Define a table to contain the keyset mode data for all 
operators 

Keyset_Modes_Table : Keyset_Mode_Data_Array_Type := 
1 5 Acoustic_Analysis => 

(ControlledMBy => 

Key s_Adt . No_Key , 

Level => 

20 



25 



30 



35 



40 



45 



50 



Base, 








figuration = 


=> 




(73 


=> 


Keys_ 


Adt 


. Blank_Key, 


74 


=> 


Keys_ 


Adt 


. Dip_Dspl, 


75 


=> 


Keys 


Adt 


-Geo Disp, 


76 


=> 


Keys_ 


Adt 


.Buoy Dspl, 


69 


=> 


Keys_ 


Adt 


.Blank_Key, 


70 


=> 


Keys 


Adt 


.Dip Pros, 


71 


=> 


Keys_ 


Adt 


.Blank_Key, 


72 


=> 


Keys_ 


Adt 


.Buoy_Prcs, 


65 


=> 


Keys_ 


Adt 


.Blank_Key, 


66 


=> 


Keys_ 


Adt 


. Blank_Key, 


67 




Keys_ 


Adt 


.Blank Key, 


68 


=> 


Keys 


Adt 


.Blank Key, 


61 


=> 


Keys_ 


Adt 


.Blank_Key, 


62 


=> 


Keys_ 


Adt 


. Blank_Key, 


63 


=> 


Keys_ 


Adt 


. Blank_Key, 


64 


=> 


Keys_ 


Adt 


.Blank_Key, 


57 


=> 


Keys 


Adt 


.Blank Key, 


58 


=> 


Keys 


Adt 


.Blank Key, 


59 


=> 


Keys 


Adt 


.Blank Key, 


60 


=> 


Keys 


Adt 


. Blank_Key, 


53 


=> 


Keys_ 


Adt 


.Blank_Key, 


54 


=> 


Keys_ 


Adt 


.Blank Key, 


55 


=:> 


Keys_ 


Adt 


. Blank_Key, 


56 


=> 


Keys_ 


Adt 


. Blank_Key, 


49 


= > 


Keys 


Adt 


.Blank Key, 


50 


= > 


Keys_ 


Adt 


.Blank Key, 


51 


==> 


Keys_ 


Adt 


. Blank_Key, 


52 


= > 


Keys 


Adt 


.Blank Key, 


45 


==> 


Keys 


Adt 


.Blank Key, 


46 


= > 


Keys_ 


Adt 


. Blank_Key, 
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4 7 => Keys_Adt .Blank_Key, 
48 => Keys__Adt .Blank_Key) , 
Modifies_Fixed_Keys => 

True, 

5 Fixed_Keys => 

(Comm => Keys_Adt .Coram, 

Ctr_Helo => Keys_Adt . Ctr_Helo5, 

Ctr_Hook => Keys_Adt.Ctr_Hook5, 
Dec_Rng => Keys__Adt . Dec_Rng, 

10 Edit_Cntc => Keys_Adt .Edit_Cntc, 

From__Helo => Keys_Adt . From_Helo, 
From_Hook => Keys__Adt . From__Hook5 , 
Ftp => Keys_Adt -Ftp, 

Hook_Ltlg «> Keys_Adt .Hook_Ltlg, 

15 Id_Note => Keys_Adt . Id__Note, 

Inc_Rng => Keys_Adt . Inc__Rng, 
Man_Cntc => Keys_Adt ,Man_Cntc, 
Nav => Keys_Adt .Nav) , 

Contains_Keyset_Mode_Control_Keys => 

20 True, 

Keyset_Mode_Control__Key_Count => 

5, 

Mode_Keys => 

(1 => Keys_Adt .Dip_Dspl, 
25 2 => Keys_Adt .Geo__Disp, 

3 => Keys_Adt.Buoy_Dspl, 

4 Keys_Adt.Dip_Prcs, 

5 => Keys_Adt.Buoy_Prcs, 

6 => Keys_Adt .No_Key, 
30 7 => Keys_Adt .No__Key, 

8 => Keys_Adt .No_Key, 

9 => Keys_Adt .No_Key, 

10 => Keys_Adt.No_Key, 

11 => Keys_Adt ,No_Key, 
35 12 => Keys_Adt.No__Key) , 

Contains_Keyset__Menu_Control_Keys => 
False, 

Keyset_Menu_Control_Key_Count => 
1, 

40 MenuJKeys => 

(1 «> Keys_Adt.No__Key, 
2 => Keys_Adt.No_Key) ) , 

45 \ 

A brief overview of the information found in the above table which 
shows an excerpt of the cadjceyset_init_cfg.a Ada table is that the 
Acoustic Analysis key is not controlled by another key (Controlled By is 
set to No_Key) and is a base mode (Level) . The Configuration data tells 
50 what logical keys are mapped to the physical key numbers. Figure 5 shows 

where physical key numbers are located. The Modifies_Fixed__Keys being 
True means that the fixed keys get a new logical definition in this mode. 
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For example the fixed key Ctr_Helo would be logical key Ctr_Helo5 under 
Acoustic Analysis mode. 

In this case, Contains_Keyset_Mode_Control_Keys is True and it 
contains five (5) modes, DipJDspl, Geo_Disp 5 Buoy_Dspl, Dip_Prcs and 
5 Buoy_Prcs. Depressing any of these five modes will remap the 

programmable keys for that mode. Contains Keyset_Menu_Control_Keys is 
false so Menu_Keys only contains No_Key for its Menu_Keys keys. 

The Operational OSI Ada table cad keysetjnit cfg.a, as shown 
above, is used to created the OSI Simulator keyset mode data file 
1 0 C&DKeysetlnitCfg. txt, an excerpt of which is shown below. 



C&DKeysetlni tCf g . txt 



MODE_START 

Pilot NoJMode Base No_Key 
0 0 

15 0 0 

73 No_Key 

74 No_Key 

75 NoJKey 
7 6 No_Key 

20 69 No_Key 

70 No_Key 

71 No_Key 



25 

4 6 No_Key 

47 No_Key 

48 No_Key 
M__FixedKeys 0 

30 MODE_END 

MODE_START 

Copilot No_Mode Base No_Key 
0 0 
0 0 

35 73 No_Key 

7 4 No_Key 
7 5 NoJKey 
7 6 No_Key 
69 No_Key 



40 



52 No_Key 
4 5 No_Key 
45 4 6 No_Key 

4 7 No_Key 
4 8 No_Key 
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10 



M_FixedKeys 0 

MODE_END 

MODEJSTART 

Pilot Acoustic_Analysis Base No_Key 

1 5 Dip_Dspl Geo_Disp Buoy Dspl Dip Prcs Buoy Prcs 

0 0 ~~ 

73 BlankJCey 

7 4 Dip_Dspl 

75 Geo_Disp 



4 5 BlankJCey 

4 6 BlankJCey 
15 47 Blank_Key 

4 8 Blank_Key 

M_FixedKeys 13 

Comm Comm. 

Ctr_Helo Ctr_Helo5 
20 Ctr_Hook CtrJiookS 

Dec__Rng Dec_Rng 

Edit_Cntc Edit_Cntc 

From_Helo From_Helo 

FromJIook From_Hook5 
25 Ftp Ftp 

Hook_Ltlg Hook_Ltlg 

IdJJote IdJSTote 

Inc_Rng Inc_Rng 

Man_Cntc Man_Cntc 
30 Nav Nav 

MODE_END 

This table is a plain text file which can be parsed by keyword. Each 
OSI Station and Mode in the data file is separated by the KeyWords 
MODE START and MODEEND. Data on the same line is separated by 
35 blanks. Line 2 of the table contains the Station Name, Mode Name, Level 

and Controlled by Mode Key, for instance: 

Pilot Comm Lvl_l Comm 

The next line contains Mode Control keys. The first field identifies if this 
data is enabled, 0 for not enabled and 1 for enabled. It is enabled, and the 
40 second field identifies the count, of three (3). Thus, there are three modes 

following the count: Grd_Xmit, Radl_Ctrl, and Rad2_Ctrl. 

1 3 Grd_Xmit Radl_Ctrl Rad2_Ctrl 
The next line contains Menu Control Keys. The first field identifies if this 
data is enabled, 0 for not enabled and 1 for enabled. It is not enabled so the 
45 count in field two is zero (0). 
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0 0 

The next line is repeated for keys numbered 45 to 76, in any order, and 
contains the Physical Key number and the Logical Key Name, for instance: 
4 5 BlankJKey 4 6 BlankJKey 
5 The next line contains the keyword M M_FixedKeys" followed by the 

number of modified fixed keys, if greater than 0 will indicate number of 
lines containing the data of Fixed Key Name and Logical Name Assigned. 

If C&DKey setInitCfg.txt is modified a new Operational OSI Ada 
table is desired to be produced, a file called cadKeysetlnitCfgJmp is 

1 0 created which has the same format as cadjzeysetjnit jpfg a. 

Referring again to Figure 3, the data is parsed in function block 301 
and when keywords are found, the appropriate data is extracted and put into 
the appropriate OSI Trainer text files 3 10 for use in generating the 
simulator OSI interface in function block 302. An example of parsing the 

1 5 cad_keyset_init_cfg. a file with a C program would be first finding the 

appropriate keyword. An example of an appropriate keyword is 
Configuration. Once Configuration is found, it is known that the 
information following is what logical keys are assigned to the physical key 
number for that mode. One example would be for Acoustic Analysis after 

20 keyword Configuration, Key 73 is defined as BlankJKey, key 74 as 

Dip_Dspl, and so on. The corresponding entry in the OSI Simulator file 
C&DKeysetlnitCfgtxt would show line 5 after the Keyword 
MODE START for Acoustic Analysis as "73 BlankJCey", line 6 as "74 
Dip_Dspl", and so on. 

25 Alternatively, if no operational system exists, and this is the first 

prototype to be built, the OSI simulator text files 3 10 are created from 
scratch by a software developer and the process begins at function block 
302. 

The simulated OSI interface is generated in function block 302 from 



FS-00464 



22 



02890025AA 



the tables 310 5 as described above. The simulator can now be used for 
several different processes. At this point, the simulated OSI can be run on a 
personal computer to train an operator or demonstrate the system as in 
function block 303. Because the simulated OSI uses tables generated 
5 directly from the operational system software, there is a one-to-one 

mapping of the keyset and MFD of the operational system to the simulated 
system. 

In an alternative embodiment, the generated simulated OSI interface 
is used to develop prototypes of the OSI interface in function block 304. A 

1 0 prototyper can modify the OSI, output updated tables in the operational OSI 

format, in function block 305 and then re-generate the simulated OSI 
interface in function block 302.The prototyper just adds or modifies entries 
in the appropriate OSI Trainer input text files. 

For example, it is desired to add a new logical key on the Acoustic 

1 5 Analysis Layer called ATAP on key number 7 1 . To accomplish this, a 

prototyper adds an entry in the OSI Simulator file C&DKey setInitKeys.txt 
that looks like the following: 

Copilot ATAP 0 3 67 None 0 0 0 0 0 2 Cad_alert Mmr_Wkst 

Then the entry in the file C&DKey setInitCfg.txt is changed from 

20 Acoustic_Analysis => 

(Controlled_By => 

Keys__Adt . No_Key , 
Level => 
Base, 

25 Configuration => 

(73 => Keys_Adt.Blank_Key, 
7 4 => Keys_Adt .Dip_Dspl / 
75 => Keys_Adt.Geo_Disp, 
7 6 => Keys_Adt.Buoy_Dspl, 

30 69 «> Keys_Adt .Blank_Key, 

7 0 -> Keys_Adt .Dip_Prcs / 
71 => Keys_Adt.Blank_Key, 
72 => Keys_Adt .Buoy_Prcs, 
65 => Keys_Adt.Blank_Key, 

35 



to the following new entry: 
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Acoustic_Analysis => 

(Controlled_By => 

Keys_Adt . No_Key , 
Level => 
Base, 
Configuration => 

(73 => Keys_Adt .Blank_Key, 
7 4 => Keys_Adt .Dip_Dspl, 
75 => Keys_Adt .Geo_Disp, 
7 6 => Keys_Adt .Buoy_Dspl, 

69 => Keys_Adt .BlankJKey, 

70 Keys_Adt . Dip_Prcs, 

71 => Keys_Adt.ATAP, 

72 => Keys_Adt.Buoy_Prcs, 
65 => Keys_Adt.Blank_Key, 



Figure 7 shows the difference in keyset appearance based on this change. 
The original keyset shows a blank key 701, where the modified keyset 
shows the ATAP key 702. The simulated OSI can then be used for training, 
demonstration or a repeat of the modification cycle may be performed. 

In another alternative embodiment, the updated OSI tables may be 
used to update the operational OSI in function block 306 or to generate 
Software Requirement Specification tables in function block 307. In order 
to update the operational OSI using the modified tables, the simulated OSI 
text files are read, the data is parsed, and when the appropriate keywords 
are found, the data is stored internally. Once all the data is read, the internal 
data is then output in the Ada table format, as described above. In order to 
generate an SRS table, the simulated OSI text files are read, the data is 
parsed and when the appropriate keywords are found the data is stored 
internally. Once all the data is read, the internal data is then output into a 
table format that is easily imported into a larger document, such as a 
standard wordprocessor. 

In the preferred embodiment of the present invention, the simulated 
OSI has an extensive help capability to facilitate training of operators. Pop- 
up HELP for each discrete object on screen is provided. HELP text is 
populated at initialization from an Engineer modifiable file. Where a key 
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has no apparent result on the MFD or keyset, or where more complex 
interaction with the MFD is necessary (e.g. interactions involving the hook, 
contacts, internal format manipulation, etc.), the simulation would display 
the message: "Key not implemented. Accompanying text would briefly 
5 describe the function of the key. 

For any keys, selection with the right mouse button causes the 
display of the text describing the key function. An Engineer modifiable 
'STUB file* is used to define all OSI related communication through the 
AOP Control and Display Interface. 

10 An alternative embodiment implements an open architecture to 

allow additional AOP code to be extracted and plugged into this program 
for specific mission modules, to increase the fidelity of the program. 
Another alternative embodiment expands the simulation to include a basic 
flight model and fuel management functions in non-mission related areas. 

15 Another alternative embodiment allows an operator to record different key 

presses where the recorded actions saved for later playback, similar to a 
VCR (video cassette recorder). 

While the invention has been described in terms of a single 
preferred embodiment, those skilled in the art will recognize that the 

20 invention can be practiced with modification within the spirit and scope of 

the appended claims. 
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CLAIMS 



Having thus described our invention, what we claim as new and 
desire to secure by Letters Patent is as follows: 

1 LA method for programming an operator system interface with a 

2 simulator, said method comprising the steps of: 

3 providing definitional tables for an operator system interface, 

4 wherein said tables define specific governing attributes of said operator 

5 system interface; 

6 generating a simulated operator system interface simulator program, 

7 wherein when the simulator program is run on a computing device, it 

8 displays a representation of the operator system interface defined by the 

9 definitional tables input in the providing step, and allows a user to select 

10 components of the interface, using a pointing device, in order to view 

1 1 information about the selected component on a display device or to effect a 

1 2 change in keysets or menus. 

1 2. A method as recited in claim 1, further comprising the step of generating 

2 tables to be used in a software requirements specification. 

1 3 . A method as recited in claim 1 , further comprising the steps of: 

2 generating operational operator system interface definitional tables 

3 using the simulated operator system interface definitional tables; and 

4 developing an operational operator system interface from the 

5 generated operational operator system interface definitional tables. 



1 4. A method as recited in claim 1 , wherein the providing step further 

2 comprises the step of extracting the definitional tables from an existing 

3 operational operator system interface. 
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1 5. A method as recited in claim 4, further comprising the steps of: 

2 modifying the simulated operator system interface; and 

3 generating updated operational operator system interface 

4 definitional tables. 

1 6. A method as recited in claim 5, wherein the steps of generating a 

2 simulated operator system interface simulator program, modifying the 

3 simulated operator system interface and generating updated operational 

4 operator system interface definitional tables are repeated a desired number 

5 of times. 

1 7. A method as recited in claim 5, further comprising the step of updating 

2 an operational operator system interface using the updated operational 

3 operator system interface definitional tables generated in the generating 

4 step. 

1 8. A method as recited in claim 1 , further comprising the step of running 

2 the simulator program on a personal computer (PC). 

1 9. A method as recited in claim 8, wherein the simulator program is used to 

2 train operators in a control and display system defined by the operator 

3 system interface. 

1 1 0. A method as recited in claim 8, wherein the simulator program is used 

2 to demonstrate functionality of a control and display system defined by the 

3 operator system interface. 
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METHOD FOR PROGRAMMING OPERATOR 
SYSTEM INTERFACE WITH A SIMULATOR 



ABSTRACT OF THE DISCLOSURE 

A process that takes converted system software code as input to a 
5 program created with a commercial compiler to produce a simulated 

Operator System Interface. An Operator System Interface is produced using 
program data structures rather than extensive emulation or updating of 
program source code. These files can then be modified or updated and 
converted back to both drive the system software and the Software 
10 Specification. This eliminates extensive manpower intensive emulation, 
and significantly reduces update work on actual system source code. 
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METHOD FOR PROGRAMMING OPERATOR SYSTEM INTERFACE WITH A SIMULATOR 
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Full Name of Second 

Joint Inventor, If Any: Nathaniel H. 




Inventor's Signature /[dL^lAjj^ - - - i Date: Peeembefr 16, 1999 

Residence: 2 Dorothy Road, Apalachan, NY 13732 

Citizenship: United States of America 

Post Office Address: Same as above 



Full Name of Third 

Joint Inventor, If Any: 

Inventor's Signature Date:_ 

Residence: 

Citizenship: 

Pdst Office Address: 

jujl Name of Fourth 

joint Inventor, If Any: 

Inventor's Signature Date:. 

Residence: 

Citizenship : 

fdst Office Address: 



Full Name of Fifth 

Joint Inventor, If Any: 

Inventor's Signature Date:. 

Residence: 

Citizenship : 

Post Office Address: 



*Title 37, Code of Federal Regulations, § L56: 

(a) A patent by its very nature is affected with a public interest. The public interest is best served, and the most effective patent 
examination occurs when, at the time an application is being examined, the Office is aware of and evaluates the teachings of all 
information material to patentability. Each individual associated with the filing and prosecution of a patent application has a duty of 
candor and good faith toward the Patent and Trademark Office, which includes a duty to disclose to the Office all information known 
to that individual to be material to patentability as defined in this section. The duty to disclose information exists with respect to each 
pending claim until the claim is canceled or withdrawn from consideration, or the application becomes abandoned. 

(b) Under this section, information is material to patentability when it is not cumulative to information already of record or being 
made of record in the application, and (1) it establishes , by itself or in combination with other information, a prima facie case of 
unpatentability; or (2) it refutes, or is inconsistent with, a position the applicant takes in: (i) opposing an argument of unpatentability 
relied on by the Office, or (ii) asserting an argument of patentability. 



